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SUMMARY 

t 

1 An invest igat ion w a s  made a t  transonic  speeds  in the Langley high- 
speed 7.- by 10-foot   tunnel   to  determine the hinge-moment and  other 
aerodynamic charac te r i s t ics  of  an  all-movable,  6-percent-thick,  tapered, 

’ 45O sweptback, aspect-ratio-4 t a i l  surface deflected  about a skewed 
hinge axis. The’ invest igat ion was extended  through  the  transonic  speed 
range  by t e s t i n g   i n  the high veloc i ty   f ie ld   over  a ref lect ion  plane on 
the  s ide  wal l  of the  tunnel.  

L 

The pitching-  and hinge-moment coef f ic ien ts   aga ins t  l i f t  coef f ic ien t  
are genera l ly   l inear  and  independent of the way.the lift coef f ic ien t  
w a s  obtained. 

The va r i a t ion  of hinge-moment coef f ic ien t  with control   def lect ion 
and angle of a t t ack  can be calculated from the basic aerodynamic data 
fo r   t he  t a i l  surface. 

The-hinge-moment charac te r i s t ics  of t h i s   t a i l   p ivo ted   abou t  a 
skewed axis are somewhat improved over the hinge-moment cha rac t e r i s t i c s  
of  the tail pivoted  about a normal axis. 

INTRODUCTION 

Flap-type  controls have i n  some cases shown undesirable charac- 
teristics ne- the speed of sound  such  as  large, erratic, and  unpre- 
dictable .contro1  def lect ions  required for  t r i m  at these speeds. The 
use of a l l - k v a b l e  t a i l  surfaces with the  hinge axis normal t o  the 
plane of symmetry has improved somewhat the  undesirable  variation of 
cont ro l   def lec t ion   for  trim but s t i l l  presents the problem of l a rge  
changes in hinge moments near the speed  of sound. 
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A study  of  the  aerodynamic  characteristics of a sweptback  tail 
revealed  that  the  center  of  pressure  moves  outboard  as well as rearward 
with  increase in  Mach  number.  With  this  in  mind  it  was  thought  that, 
if  an  all-movable  tail  were  pivoted  about a skewed  axis  parallel  with 
the  locus  of  the  centers  of  pressure, a n  fmprovement  in  the  hinge- 
moment  characteristics  could  be  realized. 

Available  basic  data  (ref. 1) ,were  used  to  estimate  the lOCU8 of 
the  centers  of  pressure on an'aspec'&-ratio-lc,  taper-ratio-0.6, 450 swept- 
bac&  all-movable  tail. The present\investigation  presents  the 
aerodynamic  ana  hinge-moment  charactkristics of this tail  pivoted about 
an axis  corresponding  to  the  20-percept-chord  line,  which is slightly ' 

ahead of the  locus  of  the  centers of 5ressure  through  the  Mach  number 
range  up  to a Mach  number  of 1.1. The'i..purpose of' the  present  paper  was 
to  determine  whether  the  characteristicb  about a skewed  axis  could be 
predicted  from  data  about  the  normal  angle-of-attack  axis,  and  whether 
such a configuration  offered  any  aerodynamic  advantages  over  the  con- 
ventional  hinge  location normal to  the  plane  of-symmetry. 

CL lift  coefficient, Twice  lift of semispan  model 
9s 

cm pitching-moment  coefficient  referred  to 0.25E, 
Twice  pitching  moment  of  semispan  model 

qSE 

CB bending-moment  coefficient  at  plane of symmetry, 
I Root  bending moment 

S b  
q F ? F  

'h hinge-moment  coefficient  about  hinge  line, 
Twice  hinge  moment of semispan model 

qs E 

9 effective  dynamic  pressure  over  span  of  model, -2 pV2, lb/sq ft , 

S twice  area  of  semispan model, 0.125 sq ft 

C 
- mean  aerodynamic  chord, - * s"/' c2dy, 0.1805 ft  on rsodel 

s o  
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C l o c a l  wing chord, f t  

b twice  span of semispan model, 0.7071 f t  

Y spanwise distance from plane of s-try, f t  

P mass density of air ,   s lugs/cu f t  

v average  free-stre- air  ve-locity,   f t /sec 

M .  e f fec t ive  Mach nurmber over  span of model 

Ma average  chordwise loca l  Mach  number 

Mil l oca l  Mach  number 

R Reynolds number of model based on E 

a angle of attack, deg;  measured i n  plane of symmetry 

A aspec t   ra t io ,  b2/S, 4.0 on m o d e l  

6 deflect ion of model about  20-percent-chord line, deg; 
pos i t ive  when t r a i l i n g  edge i s  down 

AHL angle of sweep of hinge  l ine 

6 cos Am change in angle of a t tack  a t   root-chord  l ine  caused  by 
change i n  t a i l  deflection  about  hinge  line 

The forces and moments on the t a i l  are presented   re la t ive   to   the  
axes shown i n   f i g u r e  1. T a i l  deflections  and tai l  hinge moments were 
measured about an  axts which corresponds t o  the  20-percent-chord  line. 
A l l  other  forces and moments and  the  angles of a t tack  w e r e  measured 
r e l a t i v e   t o   t h e  wind axes ( f ig .  1) which, for  zero  angle of a t t ack  and 
def lect ion,   in tersect  a t  the 'p l ane  of symmetry and the chord  plane of 
the t a i l   a t   t h e  25-percent mean-aerodynamic-chord s ta t ion ,  a8 shown 
i n  figure  2. 

MODEL AND APPARATUS 

The all-movable tail used in   t he   i nves t iga t ion  had an   aspec t   ra t io  
of  4, a t a p e r   r a t i o  of 0.6, sweepback of 45' a t  the quarter-chord  line, 
and an NACA 6 5 ~ ~ 6  a i r f o i l   s e c t i o n   p a r a l l e l   t o   t h e   f r e e   s t r e a m .  The 
t a i l  was made of s t e e l ' a n d  w a s  constructed  to  the  plan-form  dimensions . 
shown i n  f igure  2. 

- .  
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The data were obtained in the Langley  high-speed 7- by 10-foot 
tunnel w i t h  the  model mounted on a re f lec t ion   p lane   in  a manner similar 
to   t ha t   desc r ibed   i n   r e f e rence  2. A t  a given t a i l  def lect ion  the model 
was restrained from rotating  about  the  20-percent-chord  line by an 
e l e c t r i c a l   s t r a i n  gage secured  to a shaft extending the hinge  axis 
through the ref lect ion  plane.  The model was deflected  about the 20- 
percent-chord l i n e  by re leas ing   the   s t ra in  gage  mentioned  above, 
def lect ing  the model, and relocking the s t r a i n  gage. 

The ta i l  was arranged so that no gap occurred  between  the  reflection 
plane and the model when the  ta i l  was deflected and was sealed by a 
sponge seal fastened t o  .the reflection-plane turn tab le   to  minimize 
leakage  around  the t a i l  but t .  The model w a s  mounted as shown i n   f i g u r e  3.  

Force  and moment measurements were obtained on an   e l ec t r i ca l   s t r a in -  
gage-balance  system. 

The  tests were made i n  the Langley  high-speed 7- by 10-foot tunnel. 
Typical  contours showing the Mach  number distribution  over the si&-wall 
ref lect ion  plane  in   the  vicini ty  of the model are presented i n  figure 4. 
Effective test Mach nimbers were-obtained  from  contour  charts similar 
to   those shown in   f i gu re  4 by the relat ionship 

For  these  tests a Mach number gradient of generally less than 0.02 
was obtained below a Mach  number of 0.95, and the gradient  incremed  to 
about 0.05 a t   the   h igher  test Mach numbers. 

t 

The angles  of  attack were measured i n  a plane  perpendicular to 8 

normal axis through the quarter  chord  of  the mean aerodynamic  chord, 
and the t a i l  deflections were measured i n  a plane  perpendicular t o  the 
20-percent-chord l i n e .  The model waa symmetrical; thereforej   to   reduce 
the number of model changes and the tunnel time, the  force and the moment 
measurements were taken  through a n  angle-of-attack range from -20° t o  
20' and a t  t a i l  deflections from Oo t o  -30'. These measurements were 
then  considered, w i t h  due regard   to   s ign ,   to  be equivalent   to  the measure- 
ments that would be obtained i f  taken  through  an  angle-of-attack  range 
from Oo t o  23' and a t  t a i l  deflections from -30° to 30°. The  measure- 
ments taken i n  the negative  angle-of-attack  range  provided the measure- 
ments for   the  posi t ive  def lect ions.  The pitching-moment data are 
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presented  about a normal axis through the quarter  chord of the mean 
aerodynamic  chord. The bending moments are presented  about the root-  
chord l i ne ,  and the hinge moments are presented  about the 20-percent- 
chord l i n e .  These measurements  were obtained from a Mach rimer of 0.611 
t o  about 1.0%. The var ia t ion  of  Reynolds rider w i t h  Mach  number is 
presented i n  figure 5 .  

In view of t he  small Size of the  t a i l  r e l a t i v e   t o  the tunnel tes t  
section,  jet-boundary and blockage  corrections were bel ieved  to   be 
insignificant  'and were not   appl ied  to  the data. 

DISCUSSION 

The basic  data  obtained from tests of an  all-movable, 45' sweptback, 
aspect-ratio-4,  taper-ratio-0.6 t a i l  deflected  about  the  20-percent-chord 
l i n e  are presented in f igure  6 'against tafl deflect ion a t  various angles 
of attack  and Mach numbers. Sealing of the gap around  the  root  of  the 
model i s  i n   c o n t r a s t   t o   a   p r a c t i c a l   i n a t a l l a t i o n  where r e l a t ive ly   l a rge  
gaps might occur at t h e   t a i l   r o o t  when the tail surface i s  deflected 
about the 20-percent-chord line. 

The slopes of l i f t  coe f f i c i en t   aga ins t   t a i l   de f l ec t ion   ( f ig .  6 )  
remain  about  constant  through  the  angle-of-attack range investigated.  
The slopes of the bending-moment coef f ic ien t   aga ins t  t a i l  def lect ion 
remain  about  constant  through 12O angle of a t tack.  Above an  angle of 
a t t ack  of 12O the values of these slopes  increase. 

The angle of a t t ack  in the plane of symmetry caused by def lec t ion  
of the ta i l  i s  approximated  by 6 COB and the total angle of a t t ack  

i n   t h e   p l a n e  of symmetry i s  a + 6 COB Am. All t he   l i f t - coe f f i c i en t  
data  were plotted  against   the  angle of a t tack   in   the   s t ream  df rec t ion  

i n  figure 7, and all the pitching-moment  and hinge-moment 

presented  against lift c o e f f i c i e n t   i n  figure 8. Although 
there  was appreciable  dihedral  involved when t he  model -8 pivoted  about 
the  20-percent-chord  line,  these  figures show that the  dihedral   effect  
on t he   cha rac t e r i s t i c s  w a s  negligible.  F r o m  the data shorn i n  figure 7 
it can be  seen that the l i f t  coef f ic ien t  is dependent only upon the 
resu l t an t  change in   angle  of a t tack  of the root-chord  l ine of the t a i l  
and is  independent of whether the t a i l  i s  deflected  about the normal 
axis through 0 . B E  or  about the 20-percent-chord line. Figure 8 indicates  
that the   var ia t ions  of  pitching-moment  and hinge-moment coef f ic ien ts  are 
gene ra l ly   l i nea r   i n  the low a d  moderately high l i f t -coeff ic ient   range 
and are dependent only upon the l i f t  coeff ic ient .  At a given l i f t  coef- 
f i c i e n t  and Mach number, therefore,  these moments are independent  of how 

I 

I 
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the lift coefficient w a s  obtained. In additfon; figures 7 and 8 show 
that the  basic  aerodynamic data through the angle-of-attack  range are 
su f f i c i en t   t o   ca l cu la t e   t he  hinge-moment coeff ic ients  that would be 
obtained i f  this tail were pivoted  about a skewed axis .  

The var ia t ion of the hinge-moment caefficient  with l i f t  coeff ic ient  
of the  all-movable tai l ,  i f  it were pivoted  about a normal axis, i s  shown 
by the   var ia t ion  of Cm with CL i n   f i g u r e  8. An analysis of the data 
of figure 8 indicates that the t a i l  pivoted  about a normal ax is  would 
have undesirable  st ick  forces that decrease  with  increase i n  l i f t  
coeff ic ient  above 0.5 t o  0.6 CL. However, the  var ia t ion of  hinge 
moments of  an  all-movable t a i l  pivoted  about  the  20-percent-chord  line 
( f ig .  8) indicates  that the  s t ick  force on the t a i l  would increase  with 
increase i n  CL throughout  the  lift-coefficient  range  investigated. 
Rearward movement of  the normal axis t o  reduce  the hinge-moment coef- 
ficients  through  the Mach  number range would cause  the  variation of 
C, with CL (and,  therefare,  the  stick  forces)  to become even more 
undesirable  (f ig.  8 ) . .  The s t ick   forces   for   the  ta i l  pivoted  about  the 
20-percent-chord l i n e   a r e   i n  the right direction  throughout the l i f t -  
coefficient  range;  therefore, this axie  could  be moved nearer  the locus 
of the  centers of pressure  to  reduce the hinge-moment coeff ic ients  
through  the Mach number range. 

. 
b. 

A diagram showing the relat ive  locat ions of the centers of pressure 
through  the Mach  number range, the 20-percent-chord  line,  the  26-percent- 
chord  line, and the normal axis i s  presented  in  figure 9. Also shown I .  

i n   f i g u r e  9 i s  the  var ia t ion of Ch/CL (obtained from the  curves of 
Cm against  CL i n  fig. 8) of an all-movable t a i l  pivoted  about the 
normal axis,  ch/cL for   the  ta i l  pivoted  about  the  20-percent-chord 

l ine ,  and  estimated  values of C,/CL fo r  the t a i l  pivoted  about  the 
26-percent-chord line. 

The variation  of ch/cL presented i n   f i g u r e  9 indicates that t h i s  
t a i l  pivoted  about  the  26-percent-chor.d  line,  near  the  locus of centers 
of  pr,essure, would have improved hinge-moment characteristics  throughout 
the   l i f t -coef f ic ien t  and Mach  number range  over  those  for the t a i l  
pivoted  about  the normal axis.  

COrnCLUSIONS 

An investigation w a s  made i n  the Langley  high-speed 7- by 10-foot 
t unne l   t o  determine  the aerodynamic character is t ics  and  hinge moments 
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of  an  all-movable, 4 5 O  sweptback, aspect-ratio-4,  taper-ratio-0.6 t a i l  
deflected  about a skewed hinge axis. The following  conclusions may be 
drawn from the  data: 

1. The var ia t ion  of the  pitching-  and hinge-moment coeff ic ients  
with lift coefficient  are  generally  linear  and  independent of the  way 
the l i f t   c o e f f i c i e n t  wa8 obtained. 

2. B a s i c  aerodynamic data  through the  angle-of-attack  range are 
su f f i c i en t   t o   ca l cu la t e   t he  hinge-moment Coefficients that would be 
obtained i f  this t a i l  were pivoted  about a skewed axis.  

3.  The all-movable ta i l   p ivoted   about  a skewed axis  near the  locus 
of the  centers of pressure would have  improved hinge-moment charac te r i s t ics  
throughout   the  l i f t -coeff ic ient  and Mach number range  investigated  over 
the hinge-moment Character is t ics  of t he  t a i l  pivoted  about  an axis 
normal to   the  plane of symmetry. 

Langley  Aeronautical  Laboratory 
Natfonal  Advisory Committee for  Aeronautics 

Langley Field,  V a .  
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Figure 1.- Syatem of axea, tail Binge momenta, and deflections.  Positive 
directions of forces, moments, and deflect ions  are   indicated by the 
arrows. 
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Figure 2. - Plan form and dlmemlona o f  the aspect-ratlo-4, taper-r'atio&.6; 
45' sweptback all-movable t a u .  A U  djmeasions are in inches d g s s  
otherwise noted. 
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Figure 3 . -  mica1 model mounted on the side-wall reflection plane i n  
the Langley high-speed 7- by 10-foot tunnel. -T!37 
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Figure 4.- mica1 Mach number contours obtained over the all-movable tail. 
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Figure 5.- The variation of Reynolds number w i t h  Mach number for t e s t s  
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(a) ~ a c h  nutuber, 0.611.. 

Figure 6.- The aero&ynmic characteristics  at  varioue ang lee  of attack 
of the aspect-ratlo-4,  taper-ratio-0.6, 45' sweptback all-movable 
tail against tail. deflection about the 0.20-hord line. W 
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(a) concluded. 

Figure 6.- Continued. 
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(c)  Mach number, 0 .W.  

Figure 6.- Continued. 
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Figure 6.- Continued. 
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(e) Concluded. 

Figure 6.- Continued. 



(f) Mach ll 
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Figure 6.- Concluded. 
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Figure 7.- The variation o f  lift  coefficient with the par-ter 
a + 8 coa Am f o r  the all-movable tail. 
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Figure 8.- %e pitchinganaanent and hinge-moment chaxacteristics with 
lift  coeflficient at various angles of deflection fOT the al~-momble tail. AU.  flagged eymbols a r e  for ne@ive tail deflectlone. 
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Figure 9.- The variation of the  center of pressure and the parameter C ~ / C L ,  
measured  near zero lift, with Mach number for the all-movable tail. 
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